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(57) This invention provides a polishing medium for 
chemical-mechanical polishing, comprising an oxidizing 
agent for a conductor, a protectlve-film-forming agent 
for protecting a metal surface, an acid, and water; (1) 
the polishing medium having a pH of 3 or less, and the 
oxidizing agent being in a concentration of from 0.01 to 
3% by weight, or (2) the polishing medium containing 
abrasive grains having an average particle diameter of 
50 nm or less, and the abrasive grains having standard 
deviation of particle size distribution in a value of more 
than 5 nm. 
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EP 1211 717 A1 

Description 

TECHNICAL FIELD 



f!?J^' . This Invention relates to a polishing medium for chemical-mechanical polishing, especially suited for pollshlna 
r sam^ ' °' semiconductor devices, and a method of polishing a substL mUer by Ihe "^^^^^^^ 



the same 
BACKGROUND ART 



[0002] In recent years, as semiconductor integrated circuits (hereinafter "LSI") are made hlgh-inteqration and hioh 
wTraTsoon:S"''"t'°:"" '"^^^^'"^ '''' ''''' Ct^-ica.-mechanicJ o^C^^^^ 

15 iT^^ilfZ V l ^ "^'"^ "'"""^y®'' *'""9S. in forming metallic plugs and in fomiing burled wirings 
'« This technique IS disclosed in, e.g., U.S. Patent No. 4,944,836 u mi.iiigs. 

[00031 Recently, In order to make LSIs high-performance, it is also attempted to utilize copper or copper allovs as 

wiring materials. It however, is difficult forthecopper or copper alloystobefLlyprocSssedbyd^^^^^ 
nfonning conventional aluminum alloy wirings.Accordlngly,whatfe^ 

buirherrL'n Z ""^^^^ "'"^ ^ °" ^" '"^"'^""9 "'^^ 9^°°--^ f^"^^'' previously and is 

bunedtherein.andthecopp^ 

This technique is disclosed In, e.g., Japanese Patent Application Laid-open No. 2-278822 """eawinngs. 

S i !!m ''°TT- ^"^^ °' '"^ ^ °°PP«^ <^°PP«^ «"°y«. « polishing pad is fastened 

t P°"^'''"9 P'f ^"'^ Of the polishing pad is soaked wfth a poHshing medium where a 

substrate wrth a metal film fomied thereon is pressed against the pad on the fomie^s metal film side and TZi 
pressure is applied thereto on the back thereof, in the state of which the polishing platen Is tumed,To remove the^^S 

[0005] The polishing medium used in such CMP Is commonly comprised of an oxidizing agent and abrasive arains 

tl rni^! ^ ? I ^'^^ ^^^'^^^'^^ to be that the metal film surface is oxidized wit^ 

he oxidizing agent and the resultant oxide layer Is scraped with the abrasive grains . The oxide layer at tl^e d^Jerof 

t e ab^' i! T '""''^ P''"^'^'"^ P^'' ^° '^^'^^ the effect of scraTng ittr blS^ to 

ht anXsuh f ' T T"' "^T"- ^^f'- "'^t^' becomes removed at iL 

J! 1 M 1 w ^ ^"^""'^ °" «^ ^'^'^'o^^*^ °' Electrochemical Society 

Vol. 138, No. 11 (published 1991), pages 3460-3464. oocieiy, 

35 [0006] In onderto make higherthe rate of polishing by CMP, It is considered effective to add the metal-oxide-dissolvina 
whe"rl- arT f ^"^17^. ^''^^ '''' of scraping attributable to the abrasive grlstm^^^^^^^^^ 

noZn f T °" "'^^^'^^ 9^^'"^ "'^'^^ to dissolve (hereinafter "etched") in the 

polishing medium. However, the addition of the metal-oxide-dissolving agent makes the oxide layer become etehed 
(disso^e) also at the dales of the metal film surface, and the metal film surface becomes uncovered, soraUhe metal 

tiTme^nnm °T"' ''''' "P^*"'°" °' ''''' ^^^^^ing may proceed at the dates o 

tJLrJ? ■ h K "^'^ ' phenomenon that the surface of the metal wiring hLng been burled afte 

offlattS 

mSm lor°^pZZT^' phenomenon, the protectlve-fllm-fomning agent is further added to the metal-poiishing 
medium fo CMP TTie protective-fiim-fomiing agent forms a protective film on the oxide layer at the metal film surface 
to prevent the oxide layer from dissolving in the polishing medium. It Is desirable for this protecre^S^ o be reS 
rnnnt ? '"'"P"' °" ^'''^'"^ 9^^"^ to lower the rate of polishing by CMP ^ 

[0008] n order to keep the copper or copper alloy from causing the dishing or from corroding during the pollshlna 

amZu urc ; f " ' P^^P^-*^ ^'-^ -etic acid gSe o; 

am dosulfunc acid IS used as the metal-oxide-dissolving agent and benzotriazole (hereinafter "BTA") is further used 

"8378a ^-S- Japanese Patent Applica«oi Uid opl No 

S f " """^^--^f ta' f°""atlon as in the fomiation of damascene wirings of copper or copper alloy or the for- 
tooether Jlh' ""Tt °' ' P^^"°'^«"°" 'tailed "thinning" In which the thickness of becor^el srna , 

IxS tirSLSd^^^^^^^^ TJT T r '"^"'^'"'"^^ '"^"'^^'"9 "'"^ ^'-'^^ tilm formed 

rnrrSll In T ^ '^^^ *° °f P°"^'^'"9 the metal film. As the result, it may cause an 

dium f!?<Tp""^ resistance or a non-unlfomiity In resistance ascribable to pattern densfty. Hence, the poLing mj^ 
dium for CMP ,s required to have a property that the polishing rate of the silicon dioxide film te sufficiently smalle?than 
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that of the metal film to be polished. Accordingly, a method is proposed in which the pH of the polishing medium is set 
higher than pKa of -0.5 so that the polishing rate of silicon dioxide can be controlled by negative ions produced as a 
result of dissociation of acid. This technique is disclosed in, e.g., Japanese Patent No. 2819196. 
[0010] Meanwhile, at the underlying layer of the copper or copper alloy of the wiring, a layer of tantalum, tantalum 

5 alloy, tantalum nitride or other tantalum compound is fonmed as a barrier layer in order to prevent the copper from 
diffusing into the interlaminar insulating film. Accordingly, the barrier layer must be removed by CMP, except the wiring 
part where the copper or copper alloy has been buried. However, the conductor constituting such a barrier layer has 
a higher hardness than the copper or copper alloy and hence in many cases any sufficient polishing rate can not be 
achieved when it is used In combination with the polishing medium for the copper or copper alloy. Accordingly, studies 

10 are made on a two-step polishing method having a first step of polishing the copper or copper alloy and a second step 
of polishing the barrier layer conductor. 

[0011] In the second-step CMP of the barrier layer, the dishing at the wiring part of buried copper or copper alloy 
must be prevented, it has been considered reverse-effective to make the polishing medium have a small pH value in 
order to control the polishing rate and etching rate of the copper or copper alloy. 

IS [0012] The tantalum, tantalum alloy and tantalum compound (such as tantalum nitride) used in the barrier layer are 
chemically so stable that they can be etched with difficulty, and has so high a hardness that they can not so readily 
mechanically be polished as the copper or copper alloy. Hence, making the abrasive grains have a higher hardness 
may cause polish scratches in the copper or copper alloy to bring about poor electrical characteristics In some cases. 
Also, making abrasive-grain concentration higher may bring about a higher polishing rate of the silicon dioxide film to 

20 cause the problem that the thinning occurs. 

DISCLOSURE OF THE INVENTION 

[0013] An object of the present invention Is to provide a polishing medium for CMP which can keep the dishing, 
25 thinning and polish scratches from occurring in copper or copper alloy wirings, can materialize high-rate polishing of 
barrier layers in a low abrasive-grain . concentration and can promise formation of highly reliable buried metal film 
patterns, and a substrate member polishing method making use of the same. 

[0014] The present inventors made extensive studies in order to achieve this object. As the result, they have discov- 
ered that the polishing of the tantalum, tantalum alloy and tantalum compound, which are conductors used as the 

30 barrier layers, proceeds with ease when the polishing medium has a low pH and also the oxidizing agent is in a low 
concentration. Thus, they have accomplished the present invention. The present invention provides a first polishing 
medium for chemical-mechanical polishing, comprising an oxidizing agent for these conductors, a protective-film-form- 
ing agent for protecting a metal surface, an acid, and water; the polishing medium having a pH of 3 or less, and the 
oxidizing agent being In a concentration of from 0.01 to 3% by weight. This first polishing medium may further contain 

35 abrasive grains. 

[0015] There have been the problems that making the abrasive grains have a higher hardness when the barrier layer 
is polished may cause polish scratches in the copper alloy to bring about poor electrical characteristics, and making 
the abrasive-grain concentration higher may bring about a higher polishing rate of the silicon dioxide film to cause the 
problem that the thinning may occur. 

40 [0016] The present inventors have discovered that the polishing of the tantalum, tantalum alloy, tantalum nitride and 
other tantalum compounds which are used as the barrier layers proceeds with ease in a lowpH range and in an oxidizing 
agent low-concentration range. Moreover, it has been found that, when such a polishing medium for CMP is used, the 
oxidizing agent is in a sufficiently low-concentration range, and hence the dishing of wirings does not come into question, 
which may occur with an increase in the etching rate of the copper or copper alloy and which may commonly come 

45 into question In a low-pH range. 

[0017] The present inventors have also discovered that, in the polishing of the tantalum, tantalum alloy or tantalum 
compound used as the barrier layer conductor, any too large particle diameter of abrasive grains may bring about a 
decrease in polishing rate of the bamer layer and an increase in polishing rate of the silicon dioxide, and also that, 
even when the abrasive grains have a small particle diameter, any too small standard deviation of particle size distri- 

50 bution may bring about an increase In polishing rate of the silicon dioxide. This phenomenon is remarkable when the 
tantalum, tantalum alloy or tantalum compound is polished with a polishing medium having a low pH and also containing 
the oxidizing agent in a low concentration. 

[0018] It has been found that, when such a polishing medium is used, since the oxidizing agent is in a sufficiently 
low-concentration range, the dishing of wirings does not come into question, which may occur with an increase in the 
55 etching rate of the copper or copper alloy and which may commonly come into question in a low-pH range, and also 
any erosion may less occur because of a low abrasive-grain concentration. 

[0019] Accordingly, the present invention also provides a polishing medium comprising an oxidizing agent for con- 
ductors, a protective-fllm-fomiing agent for protecting a metal surface, an acid, and water; the polishing medium con- 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Fig. 1 Is an illustration showing the steps of polishing a substrate member in Examples. 
BEST MODES FOR PRACTICING THE INVENTION 

<*Nne. e.g., a. Shown ,„ „g, , , ,o™,„9 .n »,e s^^^^^ 

tantalum b, «,o,„m deposition, CVD or tho lite to l<>maO^Jlnt,llu!^T^ ' T" " 
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in which the silicon dioxide 11 stands uncovered to the surface. 

[0032] The first polishing medium for CMP of the present invention is the polishing medium comprising an oxidizing 
agent for conductors, a protective-f ilm-fonning agent for protecting a metal surface, an acid, and water, and has been 
so regulated that it has a plH of 3 or less and contains the oxidizing agent in a concentration of from 0.01 to 3% by 
5 weight. It may further optionally contain water-soluble polymer and abrasive griains. 

[0033] Ifthe polishing medium for CMP has a high pH of more than 3, a low polishing rate may result on the tantalum, 
tantalum alloy and/or tantalum compound. The pH may be adjusted by controlling the amount of the acid to be added. 
It may also be adjusted by adding an all<ali component such as ammonia, sodium hydroxide or tetramethylammonium 
hydride. 

10 [0034] The polishing rate of the tantalum, tantalum alloy and/or tantalum compound reaches a maximum when the 
oxidizing agent for conductors is in a concentration of about 0.15% by weight. The oxidizing agent enables fonnation 
of a mechanically readily polishable primary oxide layer on the surface of the conductor film of the tantalum, tantalum 
alloy or tantalum compound, ensuring a high polishing rate. 

[0035] In general, when the polishing medium has a pH of less than 3, the etching rate of the copper or copper alloy 
IS film is so high as to malce it difficult for the protective-fiim-forming agent to control the etching. However, in the present 
invention, the oxidizing agent Is In so sufficiently a low concentration that the protective-film-fbrming agent can make 
etching control. 

[0036] If the oxidizing agent Is in a high concentration of more than 3% by weight, not only the etching rate of the 
copper or copper alloy may be so high as to tend to cause the dishing, but also a secondary oxide layer which can be 
20 polished with greater difficulty than the primary oxide layer may be fomned on the surface of the conductor film of the 
tantalum, tantalum alloy or tantalum nitride or other tantalum compound, resulting in a low polishing rate. If the oxidizing 
agent Is in a concentration of less than 0.01% by weight, the oxide layer can not sufficiently be fomned, resulting in a 
low polishing rate to even cause peeling of the tantalum film in some cases. 

[0037] The polishing medium for CMP of the present invention may further contain abrasive grains. To achieve a 
25 high dispersion stability and make any polishing scratches less occur, the abrasive grains may preferably have an 
average particle diameter of 100 nm or less, and particularly preferably 50 nm or less. 

[0038] A second polishing medium for CM P of the present invention is the polishing medium comprising ah oxidizing 
agent for conductors, a protectlve-film-fomriing agent for protecting a metal surface, an acid, and water; the polishing 
medium further containing abrasive grains, and the abrasive grains having an average particle diameter of 50 nm or 

30 less and a standard deviation of particle size distribution, of more than 5 nm. This second polishing medium, too, may 
preferably be so regulated that it has a pH of 3 or less and contains the oxidizing agent for conductors in a concentration 
of from 0.01 to 3% by weight. If necessary, a water-soluble polymer may be added. Abrasive grains having an average 
particle diameter of 30 nm or less and having a standard deviation of particle size distribution of more than 10 nm are 
particularly preferred in the present invention. If they have a large average particle diameter of more than 50 nm, a low 

35 polishing rate may result on the barrier layer, and a high polishing rate on the silicon dioxide film. Also, even when they 
have an average particle diameter of 50 nm or less, a high polishing rate tends to result on the silicon dioxide film if 
their standard deviation of particle size distribution is less than 5 nm. 

[0039] The oxidizing agent in the first or second polishing medium for CMP of the present invention may preferably 
be used in a concentration of from 0.01 to 1 .5% by weight when the water-soluble polymer is contained. The water- 

40 soluble polymer comes adsorbed to the surface of the tantalum, tantalum alloy or tantalum compound or its oxide layer, 
and hence the oxidizing agent which contributes to the high polishing rate can be in a low concentration range. Also, 
the water-soluble polymer tends to come adsorbed especially to the surface of the nitride compound film such as 
tantalum nitride film or titanium nitride film, and hence it is considered that the polishing rate of the nitride compound 
film such as tantalum nitride film or titanium nitride film can be low. Meanwhile, the water-soluble polymer has the effect 

^5 of fomning a metal surface protective film to improve fiat-surface retentivlty against the dishing and thinning. 

[0040] The oxidizing agent for conductors Inthe present Invention may include hydrogen peroxide (HgOg), nitric acid, 
potassium periodate, hypochlorous acid and ozone water. Of these, hydrogen peroxide is particularly preferred. Where 
the substrate member is a silicon substrate member including devices for integrated circuits, it is undesirable for it to 
be contaminated with alkali metals, alkaline earth metals, halides and so forth. Hence, an oxidizing agent not containing 

50 any in-volatile component is preferred. Here, since the ozone water may undergo a great compositional change with 
time, the hydrogen peroxide is most suited. However, where the substrate member to be polished is a glass substrate 
member not including any semiconductor devices, an oxidizing agent containing a in-volatile component may be used 
without any problem. 

[0041] The acid used in the present invention may preferably be fonnic acid or an organic acid (such as acetic acid, 
55 propionic acid, valeric acid, 2-methylbutyric acid, n-hexanoic acid, 3,3-dimethylbutyric acid, 2-ethylbutyricacid,4-meth- 
ylpentanoicacid.n-heptanoic acid, 2-methylhexanoic acid, n-octanoic acid, 2-ethylhexanoic acid, benzoic acid, glycolic 
acid, salicylic acid, glyceric acid, oxalic acid, malonlc acid, succinic acid, glutaric acid, adipic acid, pimelic acid, malelc 
acid, phthalic acid, malic acid, tartaric acid or citric acid). Also usable are salts such as ammonium salts of these, 
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pollshi-g mie cn be achlovsi malonfc Ma ^T.^ h f ^ i " »*"«SI« «1M practical CMP 

wfth a cart,oxyr group; 8^1X7 ethTo^Sl^ bS If k f TT"' ^"""^ ^^"'^ ^^^^^uted 
derivatives. oTmixtur^s conrSaT/ifZe ^ '''''' and naphthotriazole 

Ki^^orS^^^^^^ ~f P°<vme. having as a basic .uiiding 

sodium polyacnrlate,polymeSncW ™^^^^^^^^^ 

mide; and polymers having as a Sj^^^^^^^^^^ polymethaoylate. sodium polymethacryiate and po^acW 

alcohoi and pcJyvinyipyri done Where^h^ J^^^^^ ^ P^^'nV' 

for semiconducJor integrated cii^^^^^^^^ unTSeforit fo T ? 5' " ^"''^'^^'^ ^^'"ber 

lZ=Vir~-''"=— ^^^^^^ 

nm is used which low^s t^prs inS ra^^^^^^^^^ 

ma^ (scratches) which Syte Zsed ^CMP A,T»? """^ "^'''""^ ^^'"9 '^^^ ^^"^^"^^ °f P^''^^ 

diameter of 30 nm oMess arrp^ferS^^^^^ '^^^'"^ an average particle 

from mepolishino rate ot a case i»leont«inin„ ^ ""™ "» Werence 

.»..™^„ta,^*^rjSu:2^ZLt^a:rE^^^^^ 

an amount of less than 0 0001 mol the etrhinn nf th^ polymer and water. If it is mixed In 

antount o, ntcre than 0 ,oi Z ^'canT:? l^SZ'S^ *' " """^ '°° " « ^ 
(00511 '"»»P'«'»ti««on.ttew.l.r^oiul=l.polyn»rma,.lacb..<lde<l.andtfte.ater^,l„6lep.lyn,^ 
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be mixed in an amount of from 0.001 to 0.5% by weigiit, and more preferably from 0.01 to 0.2% by weight, baseed on 
the total weight 1 00 g of the oxidizing agent for conductors, acid, protective-film-forming agent, water-soluble polymer 
and water. If it is mixed in an amount of less than 0.001% by weight, the effect attributable to Its use in combination 
with the protective-film-fonming agent tends not to be brought out in etching control. If it is in an amount of more than 

5 0.5% by weight, a low rate of polishing by CMP tends to result. 

[0052] The method of polishing the substrate by the use of the polishing medium for CMP of the present invention 
is a polishing method in which the polishing medium for CMP is fed to a polishing pad on a polishing platen, and, 
bringing it into contact with a surface to be polished, the surface to be polished and the polishing pad are relatively 
moved to polish the surface. As an apparatus for such polishing, a commonly available polishing apparatus may be 

10 used which has a holder for holding a semiconductor substrate member having the surface to be polished and a 
polishing platen to which the polishing pad has been fastened (fitted with, e.g., a motor whose number of revolutions 
is variable). As the polishing pad, commonly available nonwoven fabric, foamed polyurethane, porous fluorine resin 
and so forth may be used without any particular limitations. There are no particular limitations on polishing conditions. 
It Is preferable to rotate the polishing platen at a low rotation of 200 rpm or less so that the substrate does not rush out 

IS therefrom. The semiconductor substrate member having the surface to be polished (the film to be polished) may pref- 
erably be pressed against the polishing pad at a pressure of from 9.8 to 98.1 kPa (from 1 00 to 1 ,000 gf/cm^, and more 
preferably from 9.8 to 49.0 kPa (from 100 to 500 gf/cm^) In order to satisfy the wafer In-plane unifomiity of polishing 
rate and the flatness of patterns. In the course of the polishing, the polishing medium for CMP is continuously fed to 
the polishing pad. There are no particular limitations on this feed quantity. It is preferable for the pollshing-pad surface 

20 to be always covered with the polishing medium. The semiconductor substrate member on which the polishing has 
been completed may preferably be washed thoroughly in running water and thereafter be set on a spin dryer to blow 
off any drops of water adhering onto the semiconductor substrate member, followed by drying. 

EXAMPLES 

25 

[0053] The present invention is specifically described below by giving Examples. The present invention is by no 
means limited by these Examples. 

(1) Preparation of polishing medium for chemical-mechanical polishing: 

30 

[0054] As shown in Table 1 , to a mixture of 0.4% by weight of an acid, abrasive grains (but not added in Example 1 ; 
1 part by weight in Examples 2 to 9; and 1% by weight in Examples 10 to 13), 0.05 part by weight of a water-soluble 
polymer (but only in Examples 4, 6 and 7) and 0.2% by weight of a protective-film-fonning agent (BTA), water (98.85 
parts by weight in Examples 1 to 9, and 97.9% by weight in Examples 1 0 to 1 3) was added to effect dissolution, followed 
35 by addition of hydrogen peroxide water (a guaranteed reagent, an aqueous 30% solution) as an oxidizing agent for 
conductors to obtain polishing mediums for CMP Here, as the abrasive grains, colloidal silica with an average particle 
diameter of 20 to 60 nm was added which was prepared by hydrolysis in an ammonia solution of tetraethoxysilane. 
Also, the malic acid and glycolic acid used each had a pKa of 3.2. 

40 Table 1 



55 



Example 


Acid 


hydrogenperoxide 
concentration (wt. 
%) 


PH 


Abrasive grains (colloidal silica) 


Water-soluble 
polymer 


Av. Particle 
diameter (nm) 


Standard 

deviation of 
particle size 
distribution (nm) 


1 


glycolic acid 


0. 15 


2. 58 






none 


2 


malic acid 


0. 15 


2. 50 


20 


10 


none 


3 


majic acid 


1.5 


2.49 


20 


10 


none 


4 


malic acid 


0.15 


2.80 


20 


10 


ammonium 
poly aery late 


5 


glycolic acid 


0.15 


2.58 


20 


10 


none 
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10 



15 



20 



45 



50 
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Example 


Acid 


hydrogenperoxide 
concentration (wt. 
%) 


PH 


Abrasive grains (colloidal silica) 


Water-solul3le 
polymer 










Av. Particle 
diameter (nm) 


Standard 

ucviaLiuii OI 

particle size 
distribution (nm) 




O 


glycol Is acid 


0. 15 


2. 95 


20 


10 


ammonium 
polyacrylate 


7 


malic acid 


1.8 


0 7ft 

C., /O 


20 


10 


ammonium 

ly awl y laL6 


8 


malic acid 


3.3 


2.45 


20 


10 


none 


9 


malic acid 


0,15 


3. 25 


20 


10 


none 




malic acid 


0. 15 


2. 50 


25 


10 


none 


11 


malic acid 


0. 15 


2.50 


40 


14 


none 


12 


malic acid 


0. 15 


2.52 


60 


13 


none 


13 


malic acid 


0. 15 


2. 51 


30 


5 


none 



25 (2) Polishing: 

30 Silicon substrate with a tantalum film formed thereon in a thickness of 200 nm 

Silicon substrate with a tantalum nitride film fomied thereon in a thickness of 1 00 nm 
Silicon substrate with a silicon dioxide film fomied thereon in a thickness of 1 irni 
Silicon substrate with a copper film formed thereon In a thickness of 1 nm. 

35 Polishing pad: 

[00561 Foamed polyurethane resin with closed cells. Polishing pressure: 250 gf/cm2 
Relative speed of substrate member to polishing platen: 1 8 m/minute. 

40 (3) Polished-product evaluation items: 



[0057] On the polished products having been processed by CMP, evaluation 
of polishing by CiVIP: 



was made on the following Hems. Rate 



aniToo' m """" for chemical-mechanical polishing, having been S 'Sc 

Dishing level: 
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alloys, having a sufficiently large polishing-rate ratio of the copper to the tantalum nitride, was used to early out the 
polishing. After the first-stage polishing, a substrate nnember sample was so prepared that the dishing level measured 
in the state the barrier layer stood uncovered onto the part of insulating film came to 50 nm, and was then subjected 
to the second-stage polishing using the above polishing medium for chemical-mechanical polishing, until the bamer 
s layer came lost at the part of insulating film. 

Thinning level: 

[0061] The surface profile of a pattern area in which stripes of 2.5 mm in total width, consisting of 45 \im In width for 
10 the part of wiring metal and 5 jim in width for the part of insulating film which were arranged alternately, formed in the 
substrate member used to evaluate the above dishing level, was measured with the stylus surface profilometer to 
determine the level of film loss at the part of insulating film in the vicinity of the middle of the pattern with respect to 
the part of the insulating film field around the stripe pattern. After the first-stage polishing, a substrate merhber sample 
was so prepared that the thinning level measured in the state the barrier layer stood uncovered onto the part of insulating 
IS film came to 20 nm, and was then subjected to the second-stage polishing using the above polishing medium for 
chemical-mechanical polishing, until the barrier layer came lost at the part of Insulating film. 

(4) Evaluation results: 

20 [0062] The rate of polishing by CMP in each Example Is shown In Table 2. Also, the dishing level and the thinning 
level are shown in Table 3. 



Table 2 



25 



30 



40 



Example 


CMP polishing rate (nm/minute) 


Copper etching rate (nm/minute) 


Copper 


Tantalum 


Tantalum nitride 


silicon dioxide 


1 




4.0 


5.0 


0 


0.5 


2 




36.2 


54.7 


0.8 


0.8 


3 




24.9 


44.9 


1.3 


3.2 


4 




34.9 


24.9 


1.2 


0.3 


6 




33.0 


61.5 


1.3 


0.7 


6 




20.0 


25.0 


1.3 


0.6 


7 




1.1 


5.5 


1.7 


0.4 


8 




10.6 


17,3 


1.2 


6.7 


9 




2.0 


3.0 


0.7 


0.1 


10 


11.4 


36.2 


54.7 


0.8 




11 


3.2 


28.8 


43.2 


0.8 




12 


13.0 


22.0 


43.4 


6.7 




13 


23.4 


30.4 


57.7 


9.5 





Table 3 





Example 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Dising level (nm) 


40 


55 


70 


45 


55 


45 


65 


100 


55 


40 


40 


60 


55 


Thinning level (nm) 


20 


30 


35 


30 


35 


30 


70 


55 


70 


20 


20 


60 


100 



50 

[0063] In Examples 1 to 13, good dishing- and thinning-preventive perfomnance has been achieved. In particular, in 
Examples 1 to 6, in which the oxidizing agent Is in a concentration of from 0.01 to 3% by weight and the pH is 3 or 
less, the polishing rates of tantalum and tantalum nitride are so high and the dishing level and thinning level are so 
small as to be especially preferable. Also, in Examples 1 0 and 1 1 , the polishing rate of tantalum nitride film is high and 
55 the polishing rate of silicon dioxide film is relatively low, and hence good dishing- and thinning-preventive performance 
Is achieved. 

[0064] In particular, in Examples 4 and 6, in which the water-soluble polymer is used and the oxidizing agent is in a 
concentration ranging from 0.01 to 1 ,5% by weight, the dishing and the thinning occur in a smaller level, showing better 
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results, than Example 7, in which the oxidizing agent is added in a larger quantity (1.8% by weight) Here when the 

nr tin? *e'9ht. If It (s added m an amount larger than that, a low polishing rate tends to result on the tantalum 

or tantalum nitride and the thinning may occur in a large level. " >es.ua on me laniaium 

K J^^S^^' ""^''"^^ ^^ent is in a concentration of 3% by weight or less and the pH is 3 or less 

in a r"'' ^ °' ^PP^'' '•^^^ E--P'« 8. in which the oxidzing agent 

he Se^f dlT^^^ r'^'^' ''^ °' tantalum ortantalum nitride is ^her and 

rSni«r ? '^'""'"9 ^'"^'l^'- tfi^n those in Example 9, in which the pH is more than 3. 

inH thl K-^""' \° f""* ■ ^'"'"'""9 the barrier layerfilm (in particular, the tantalum film) is hiqher 
a ar^e patc^dlm^^^^ '"p '''' ^'^^"^P'^ ^" -^''^^ ^he abrasive^fns hte 

POSSIBILITY OF INDUSTRIAL APPLICATION 

Ske'^/«d'^rml'f P'"''"* t^"'^'"'" ^"°V t-ntalum compound 

^1 J!r!lm i bamer layer can efficiently be polished, and also the dishing, thinning and polish scratches can 
be kept from occumng In copper or copper alloy wirings to fom, highly reliable buried metal film patterns 

Claims 

1 . A polishing medium for chemical-mechanical polishing, comprising: 
said polishing medium has a pH of 3 or less, and 

said oxidizing agent is in a concentration of from 0.01% by weight to 3% by weight. 
^' Jmhs°"'^'"^ ""^"^'""^ '^^'«"^'<^«'-'"««hanical polishing according to claim 1 . which further comprises abrasive 

3. The polishing medium for chemical-mechanical polishing according to claim 2, wherein: 

said abrasive grains have a average particle diameter of 50 nm or less and 

said abrasive grains have standard deviation of particle size distribution in a value of more than 5 nm. 

4. A polishing medium for chemical-mechanical polishing, comprising: 

said abrasive grains have an average particle diameter of 50 nm or less and 

said abrasive grains have standard deviation of particle size distributfon in a value of more than 5 nm. 

5. The polishing medium for chemical-mechanfcal polishing according to claim 4, wherein: 

said polishing medium for chemicai-mechanksal polishing has a pH of 3 or less and 

said oxidizing agent for a conductor is in a concentration of from 0.01 % by weight to 3% by weight. 

6. The polishing medium for chemical-mechanfcal polishing according to any one of claims 2 to 5, wherein: 

said abrasive grains are at least one selected from silica, alumina, ceria, titania, zirconia and gemiania. 
c'JKISrc^oid^^^ '° ^''-^^ grains are 
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8. The polishing medium for chemical-mechanical polishing according to any one of claims 2 to 7, wherein said 
abrasive grains are mixed In an amount of from 0.1% by weight to 5% by weight. 

9. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 8, which further 
comprises a water-soluble polymer. 

10. The polishing medium for chemical-mechanical polishing according to claim 9, wherein said water-soluble polymer 
is at least one selected from the group consisting of polyacrylic acid, a polyacryllc acid salt, polymethacrylic acid, 
a polymethacrylic acid salt, polyamic acid, a polyamic acid salt, polyacrylamide, polyvinyl alcohol and polyvinylpyr- 
rolidone. 

11 . The polishing medium for chemical-mechanical polishing according to claim 9 or 1 0, wherein said oxidizing agent 
Is In a concentration of from 0.01% by weight to 1 .5% by weight. 

12. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 1 1 , wherein said acid 
Is an organic acid. 

13. The polishing medium for chemical-mechanical polishing according to claim 12, wherein said acid is at least one 
selected from malonic acid, malic acid, tartaric acid, glycolic acid and citric acid. 

14. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 13, wherein said 
protective-fllm-forming agent Is at least one selected from benzotrlazole and a derivative thereof. 

15. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 14, wherein said 
oxidizing agent for a conductor is at least one selected from hydrogen peroxide, nitric acid, potassium periodate, 
hypochlorous acid and ozone water. 

16. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 15, wherein said 
conductor contains at lest one of copper, a copper alloy, a copper oxide and a copper alloy oxide. 

17. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 15, wherein said 
conductor is a barrier layer for preventing copper atoms from diffusing. 

18. The polishing medium for chemical-mechanical polishing according to claim 1 7, wherein said barrier layer contains 
tantalum, a tantalum alloy or a tantalum compound. 

19. A polishing medium for chemical-mechanical polishing having: 

a polishing-rate ratio (Ta/Cu) between tantalum and copper or a copper alloy of more than 1 ; 

a polishing-rate ratio (TaN/Cu) between tantalum nitride and copper or a copper alloy of more than 1 ; 

a polishing-rate ratio (Ta/SiOg) between tantalum and silicon dioxide of more than 10; and 

a polishing-rate ratio (TaN/SiOg) between tantalum nitride and silicon dioxide film of more than 1 0. 

20. The polishing medium for chemical-mechanical polishing according to any one of claims 1 to 1 8, which has: 

a polishing-rate ratio (Ta/Cu) between tantalum and copper or a copper alloy of more than 1 ; 

a polishing-rate ratio (TaN/Cu) between tantalum nitride and copper or a copper alloy of more than 1 ; 

a polishing-rate ratio (Ta/SiOg) between tantalum and silicon dioxide of more than 10; and 

a polishing-rate ratio (TaN/SI02) between tantalum nitride and silicon dioxide film of more than 10. 

21. A method of polishing a substrate member comprising a step of polishing a barrier layer containing tantalum, a 
tantalum alloy or a tantalum compound, by the use of the polishing medium for chemical-mechanical polishing 
according to any one of claims 1 to 19. 

22. A method of polishing a substrate member comprising a step of polishing a surface including a wiring layer and a 
barrier layer, by the use of the polishing medium for chemical-mechanical polishing according to any one of claims 
1 to 19. 
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